Chapter Five: Use Math Took 



In this cluiptrr, see how 
To set up lornkith 
To do muRiplicalkm 
To perform ITT 

To do summed averaging 
To store oik! recall wovefomis 
To obtain a waveform or memory' status report 
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Chapter Five 



Use Math Tools 



Make Math Easy 

With W'aveninner math tools \ou an perform mathematical functions on a wvrvd'arm displaced on any 
channel, or recalled from any of the four irfennce memories Ml, M2. M3, or M4. To do compulations in 
sguence. \ou on also set up any trace of A. B. C. or D for math. 

For example; you amid set up Trace A as the difference between Channels 1 and 2, Trace B as the averag- of 
A, and Trace C as the integral of B. You could then display the integral of the averaged difference between 
Channels 1 aid 2. Any trace and function can be chained to another trace and function For example, you could 
make Trace A <n average of Channel 1. Trace B an FFT of A. and Tnxe C a room of B. 

YVavemnner math tools are available in these standard and optional packages: 



Standard 

Math 

Included with all 
Waver unner 
csillesajpes 


Arithmetic | Sum (add), Ditfenxice (subtract), Pnxiuct (multiply), Ratio (divide) 


Averaging J Summed (lineer) Average of up to 1000 sweeps 


Extrema (envelope) 


FIT 


Fast FourierTnnsform to 50 000 points; Power 'plectrum. Pham, 
Magnitude; All FFT Windows 




Identity. Negation. (Sin xP x 


Resample (deskew) 


Rescale 


Enhanced Resolution (ERES) 


Extended 
Math and 
Measurement 
i OPTION (EMM) 
All toils in 
Standard Math 
plus: 


I* uixtions 


Absolute Value. Derivative. Exp (base e), Exp (ba* 10), Integral. 1 
Log (base e). Log (bam 10), Kabo. Reciprocal. Squane. Square Root | 




WaveAnalyzer 

OPTION 

(WAVA) 

. All texis in 
Extended Math 


A\vra<jiiuj 




FFT+ 


Fast Fourier Transform lo one million points FIT Averaga; 
Power Averaging. Power Density. Rail. Rail + Imapnaiy 


plus: 


Histograms 


Histograms Histogram Parameter 



iTxu.om i 
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Part One: GETTING STARTED 



SET UP TO DO WAVEFORM MATHEMATICS 

After connoting your signal to a Waveninner channel (Channel 1 in this etample). do the following 
1 . Press _ 1 | to sdect CHANNEL 1 and display Waerunners basic menus. 

2 Press _JK to 








NOTE: A i tnefomi 
pnxessing title breach 
displayed time n ill be shun n 
in its time libel if the title is 
missing, the until function 
t .umot be dune and the 
lunleiris ut the bate n HI 
nmdin urn bunged. r— 
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Chapter Five: Use Math Took 



USE A MATH TOOL 

Use these mauis to choose and set up any math looL As an example, sdect the arithmetic tool Product to 
multiply Channel 1 by Channel 2. 




To enable irclh. 



6. Press to select Arithmetic. 



7. Press to select Product 



9. 



Press to select Channel 1 as the source trace. When 
using Arithmetic; this sets one of the two operand 
sources. Using other math types this menu may be in a 
different position and may set the sepal offset, number 
of sweeps or compensate for any DC offset in the 
sXpii. 

Press to sela:t the trace by which the source trace 
Channel 1 will be multiplial. 



Now go on to set up your trace as an FPT (Fast Fourier Transform) function (next page). 
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Part One: GETTING STARTED 



PERFORM AN FFT OPERATION 

Continuing Irani the preceding steps, set up Channel 1 far FFT. Fust Founer Transform will convert wur time 
domain wwefomi into a frequency domain spectrum similar to that of an RF spectrum analyzer display. But 
unlike the analyzer. which has controls for span and resolution bandwidth, with Warrerunner you determine the 
FFT spjiusng the scope's sampling rate (see Chapter 10, 'Use Advanced Math Tools" 1. 

10. Puss the button to select FFT from the Math "type menu. 

Spectra will be shown with a linear frequency axis running from zero to 
the Nyquist frequency. The frequency scale factors (Hz/ drv) are in a 
1-2-5 sequence The preceding expiation is displayed at the bottom of 
the sawn, together with the three key parameters that characterize an 
FFT spertium: 

Transform size N (number of input points) 

Nyquist frequency (■ V* simple rate) 

Frequency increment. Af. between two successive points of the spectrum. 

These parameters are niatal as: Nyquist frequency = Af * N/2. where Af = V T. and T is the duration of 
the rnput waveform record (10 * time 1 div). The number of output points is equal to N / 2. 



TIP: During FFT computation, 
the FFI sign is shonn bekm 
the grid, ihe computation con 
take a while on long tune- 
domain nxonts, but you cun 
stop it ut any time by pressing 
any bout panel button 




1 1. Press the button to select Power Spectrum from the menu 



-FFT result- 

Phase l 

Pouier Dens 



wer Spect 



Real 

Real*Inag f 



Power Spectrum is the saga! power, or magnitude, represented on a logarithmic: vertical scale: 0 dBm 
corresponds to the voltage (0.316 V peak), which is equivalent to 1 mW into 50 £2. Rawer Spectrum is 
suitable for charactenzing spectra that contain isolated peaks (dBm). 

0 ther ITT functions anailahle in this menu depend on the Wavemnner math options installed in your scope 
(see page 55). 
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Chapter Five: Use Math Took 



Phase is measured with nspwt to a cosine who* maximum occurs at the left-hand edge of the screen, at 
which point it has IP. Smilady. a postive-going Sne wave starting it the left- hind edge of the screen tuna - 
W pha* Pha* is displayed in degrees. 

Power Density: Signal power normalized to the bandwidth of the equivalent filter osociatei with the FFT 
calculation. Suitable for characterizing broadband noise Power Density is displiyed on a logaithmic vertical 
axis calibrafed in dBm. It is mailable only with the WiMAnaJyzer option for the Waverunner. 

Magnitude: The peak signal amplitude is represented on a linar state, in the same units is the input signal. 

Real Real + Imaginary, Imaginary: Complex result of the FFT preceding in the some units is the input 
sigmi The* ire only ir/iulable with the YVaviAnahzer option. 



12. Now turn the knob to select \bn Harm 



r-uiith 
Vein 
DC 



window — , 

Harm 



and press the button to select AC. 



AC forces the D C component of the input signal to zero before FFT processng and improves the amplitude 
resolution. This is especially useful when your input his a lirrji DC component. 



FFT windows define the bandwidth ind shape of the FFT filtir. (See Chapter 10. "Use Advanced Math 
Tools," for the windows' filter parameters) 



Non Harm (Hanning) windows reduce laikage and improve amplitude accuracy. But they also reduce 
frequency resolution. 



Rectangular windows should be ised when the signal s transient (completely contained in the tune- do main 
window) or you know it to have a fundamental frequency component that is an integer multiple of the 
fundimenlai frequency of the window. 0 ther signal types will show varying amounts of spectral leakage and 
wallop loss when you use a Rectangular window To correct thby use another window type. 

Hamming reduces laikige and improves amplitude axuracy but also reduces frequency resolution. 



Flat T op provides excellent amplitude accuracy with moderJe leakage reduction, bul ah« reduces frequency 
resolution. 



Blackman- Harris windows reduce laicage to a minimum, but reduce frequency resolution. 



13. In the final FFT step, press the button to select the source trace. 

The "before" aid "after’ of your FFf computation is shown on the next page. 
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Part One: GETTING STARTED 
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SETUP OF fl 
^jse Ibth?- 
ho 




- MS 

2G r-W DC 
.5 V HC 



**Vi i* »»* ", kill ! i 



Freq 1.0D MIS 

ft : PS (FFTCI ) ) 

Pouer Spectrum 10DG0 -> BOG t pts 
Nyqui6t=250 MHz, 36=50.0 kHz 



-v.', .i Vt 



-with winflow- 
Vbn Hsnn 
DC B 

oF 

D 2 B C D 
Ml M2 M3 M4 

SOG MS/s 

0 N0RM1L 



FIT Pcwr Spat rum: The tup grid shows the waveform in the time dunsiin. while the bottom one 
sherds it in the frequency donuin. afta- FFT Power Spalrum has ban applied With the curscr 
measure tool (pcStiunol here on the ldl-rrust paik d the FFT trace) you can raid at ha- the time ur 
frequency of >uur waveform Trace A 's labd indicate 2 MHz pa- divisicn in the frequency donuin. 
The namry status fidd benaith the grids gvs otha- FFT infornsition. 
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Chapter Five: Use Math Took 



DO SUMMED AVERAGING 

Now make <i Summed Average of your waveform — cgain, going on from the pnvious steps A\'er<ging is 
normctiy usd to eliminate noise. 



14. Pres the button to select Average from the M.th T^» morn 

15. Pres the button to select 
Wavounner steels the calculation immediately. 

16 . Turn the upper knob to set the number of sweeps 
to 4000) 

This is counted in the tra* labd. <s shown here, at ntfiL 

If the oplloruil Continuous Average is selected, the •’for'” menu becomes 
‘with. . . weighting . Use it to define the weight. 

(Sa< Chapter 10, "Use Advanced Math Tools," for the difference between 
summed itid continuous ■r.'eraging! 

17. Finally, pres the button to select the source trace; 

The type of resit you can expat is ilhistried on the next p<ge. 






0 : Average (1 ) 



-10 BQ suipsj 



LTX1X OM E ft* a 



HflUED 1-I*n 3>2J 



61 



Part One: GETTING STARTED 




S unainl A viracj* Noise evident in the sicjuil shown in the top trace hits ban din* natal from the 
availed wmfam on the lewr <pd The calculation was stepped after 206 swaps. The number of 
pants usal in the calculation is shown in the information fidd at the bottom of the suan. The same 
number uf points mains that all pants were usal in the calculation. 



IK' 
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Chapter Five: Use Math Took 



Save and Recall Waveforms 



Save \our waveforms to intern, i reference memory — Ml. M2. NO or r . u . , 

M4 — or to floppy disk or the optional PC Card riot (Memory canl or lirwhumtol ns,mi 

HDD). Recall them 1^ for further -nalysfc You amid zoom than or 

perform more rn <fh. arioftab**, * p oint can be 

slim’d m me itinmvro ivletime 

WAVE memories Ml M2 M3 orM4 

STORAGE 



aid thai the button for 



Store 
Wave For in 



STORE W FORMS 2. Use the* menus to store your displ<ty«l waveform. 



DO STORE 



To store the wweform, which you find select from the menu below; to 
the memory or floppy disk <ukx> selected below). 



All displayed! 

I 

to 

HI «2 M3 m 

pipy 



1 

r- 



To select the channel or trace whose waveform you wish to 
store. 

To sleet the internal reference memory, floppy, or optional 
storage device the waveform is to be saved to. 

See Chapter 12, "Use Waverunner with PC,* for how 
to save wvrveforms in ASCII fomut 



RETURN 



3. Prer* to ga bach to the “W'FORM" menus in order to mail the 
waveform you have store! 
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Part One: GETTING STARTED 




TIP: Transfer waielotm data to PC and use the data forcak ulatians vdth spwadsheet or math 
sottmue. To do this, saie your iiaiefoims to floppy or an optional storage device in the ASCII toimaL 
YUneiunnerran saie to floppy in ASCII traces ot up to 50 OOU points. You should nmember that 
nuivtonns stored in ASCII cannot be t ailed bach into the oscilloscope. See Chapter 12, " Use 
YYaieiunner nith PC. ~ 
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Chapter Five: Use Math Took 



OBTAIN A WAVEFORM OR MEMORY STATUS REPORT 

Display a summary of the status of wur channels, zoom and math functions wweform memones and 
displ awI traps View the sdings on your vatlui and horizontal controls Chai on how much memory your 
Wwtninner scope is using for storage of rawnk Clear and free up memory. 



21-UCt-98 

23:52:19 










SIRIUS 


WAVEFORM 


D 


2 


3 


4 


Acquisition 


Trigger date 


?l-0ct-1998 


21 -Oct- 1996 


21 -Oct-1998 


21 -Oct-1998 


Systen 

Text 8 lines 


tine 


23:50:S4 


23:50:54 


23:58:54 


23:50:54 


For 


0.29 s 


0.29 s 


0.29 s 


0.29 s 


1 


flenory Used | 


Vertical 












Scale/d iv 


100 nV 


0.58 V 


58 nV 


50 nV 




OFFsot 


-256 nv 


-0.25 V 


75 nV 


75 nV 




Coupling 


OCS0B 


PC1IW 


PC in? 


PCI It.? 




BM-Linit 


OFF 


OFF 


OFF 


OFF 




Horizontal 












Scale/div 


0.50 ns 


0.50 ns 


0.50 ns 


0.50 ns 




OFFset 


10.0 Z Pre 


10.0 Z Pre 


10.9 Z Pre 


10.0 7. Pre 


■ h.i I 


Scale/pnt 


0.20 ps 


0.20 ps 


0.28 ps 


0 . 2 O ps 


Zonn.Nath 


Pnts/div 


2500 


2500 


2500 


2500 


Menories 

Displayed 


Record Type 


SINGLE 


SINGLE 


SIN6LE 


SINGLE 




Segnents 

Sweeps 


50 


50 


50 


50 





SCOPE 

STATUS 



I. Pro* 



to show the STATUS menus 



5 MS/s 
50 x 

□ STOPPED 



2 Pres* the button to select Wawlomi and the button for the vKirefonn status summary of choice 

1 Fns> the button to select Memory Used to obtain a similar report on what you have stored and how 
much memory is available. Memories occupied by waveforms will be boxed, and empty ones indiaied as 
such. You can i&o dear occupied memories by passing the cumsponding menu buttons; n 
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